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Head  for  plotting  machines  able  to  selectively  plot  and  cut  from  sheets  figures  memorized  by  a  computer. 
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<§5  This  invention  relates  to  a  head  for  plotting  machines 
able  to  trace  out  figures  memorized  by  a  computer  and  is 
provided,  besides  a  writing  pen  (4),  with  a  metallic  cutting 
point  (6)  suitably  spaced  from  said  writing  pen  and  per- 
pendicular  to  the  working  plane,  said  writing  pen  and  said 
metallic  cutting  point  being  provided  with  respective  de- 
vices  for  locking  and  registering  the  rest  position  of  their 
points  with  respect  to  the  working  plane,  control  means 
being  provided  to  selectively  press  either  point  toward  the 
working  plane  according  to  whether  a  plot  of  memorized 
figures  has  to  be  performed  on  a  paper  sheet  (2)  lying  on 
the  working  plane,  or  a  cut  of  said  memorized  figures  has 
to  be  performed  on  a  sheet  of  paper  or  other  suitable 
material. 

i n  

ACTORUM  AG 

T h i s   invention  relates  to  a  head  for  plotting  machines 
able  to  trace  out  figures  memorized  by  a  computer  and  is 
provided,  besides  a  writing  pen  (4),  with  a  metallic  cutting 
point  (6)  suitably  spaced  from  said  writing  pen  and  per- 
pendicular  to  the  working  plane,  said  writing  pen  and  said 
metallic  cutting  point  being  provided  with  respective  de- 
vices  for  locking  and  registering  the  rest  position  of  their 
points  with  respect  to  the  working  plane,  control  means 
being  provided  to  selectively  press  either  point  toward  the 
working  plane  according  to  whether  a  plot  of  memorized 
figures  has  to  be  performed  on  a  paper  sheet  (2)  lying  on 
the  working  plane,  or  a  cut  of  said  memorized  figures  has 
to  be  performed  on  a  sheet  of  paper  or  other  suitable 
material. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   a  h e a d   f o r   p l o t t i n g  

m a c h i n e s ,   a b l e   to   s e l e c t i v e l y   p l o t   and  c u t   f r o m   s h e e t s  

f i g u r e s   m e m o r i z e d   by  a  c o m p u t e r .  

M a c h i n e s   a b l e   to   p l o t   in   a  p l a n e   f i g u r e s   m e m o r i z e d   by  a  

c o m p u t e r   a r e   w e l l   known;   t h e y   a r e   e s s e n t i a l l y   made  of  a  

m o t o r i z e d   c r o s s - b a r   s l i d i n g   p a r a l l e l   to   i t s e l f   on  a  w o r k  

i n g   p l a n e   and  of  a  c a r r i a g e   s l i d i n g   a l o n g   t h i s   c r o s s - b a r  

and  c a r r y i n g   a  h e a d   p r o v i d e d   w i t h   a  w r i t i n g   pen  w h i c h   i s  

p r e s s e d   and  f o r c e d   to   r u n   on  a  s h e e t   of  p a p e r   l a i d   on  t h e  

w o r k i n g   p l a n e .   The  m o v e m e n t s   of  t h e   c r o s s - b a r   and  of   t h e  

c a r r i a g e   a r e   c o n t r o l l e d   by  t h e   c o m p u t e r   so  t h a t   t h e  m o v e  

ment   of  t h e   w r i t i n g   pen  i s   g i v e n   by  t h e   c o r r e c t   c o m b i n a -  

t i o n   of  t h e   two  p e r p e n d i c u l a r   m o v e m e n t s   of  t h e   c r o s s - t a r  

and  of  t h e   c a r r i a g e .  

T h e s e   m a c h i n e s   a r e   p a r t i c u l a r l y   u s e d   in  d e s i g n i n g   m o d e l s  

of  d r e s s e s   of  v a r i o u s   t y p e s ,   m e m o r i z e d   by  t h e   c o m p u t e r   i n  

t h e   d i f f e r e n t   p r o p o s e d   s i z e s ,   or  in  p l o t t i n g   s h a d e s   o r  

p r o f i l e s   f o r   any  p o s s i b l e   u s e .   To  t h i s   p u r p o s e   t h e   p a p e r  



on  w h i c h   t h e   p l o t   h a s   to   be  made  i s   u n w i n d e d   f r o m   a  r o l l  

and  i s   i n t e r m i t t e n t l y   a d v a n c e d   in   p i e c e s   of  l e n g t h   s u f -  

f i c i e n t   to   c o v e r   t h e   m a c h i n e   w o r k i n g   p l a n e ;   at   t h e   s a m e  

t i m e   t h e   p l o t t e d   p i e c e s   a r e   r e w i n d e d .  

B e s i d e s   g r a p h i c a l   r e p r o d u c t i o n  o f   m o d e l s ,  f o r   p a r t i c u l a r  

i t   h a s   b e c o m e   n e c e s s a r y   t o  d i s p o s e   of   m o d e l s   or  f i g u r e s  c u t  

f r o m   a  s h e e t   more   r i g i d   t h a n   t h e   n o r m a l l y   u s e d   p a p e r .   U n t i l  

now  t h e   p r o d u c t i o n   of   m o d e l s   h a s   b e e n   a c c o m p l i s h e d   b y  h a n d -  

c u t t i n g   t h e   d e s i g n e d   p r o f i l e s   or   by  u s i n g   o t h e r   m a c h i n e s  

w h i c h   u t i l i z e   a  m e t a l l i c   p o i n t   w o r k i n g   by  p r e s s u r e   on  a  

p l a s t i c   s h e e t ,   o r   a  b i t i n g   p o i n t ,   or   a  v i b r a t i n g   p o i n t .  

T h e s e   s o l u t i o n ,   h o w e v e r ,   r e q u i r e   c o n s i d e r a b l e   c o s t s   i n  

e q u i p m e n t ,   r aw  m a t e r i a l s   and  l a b o u r ,   b e c a u s e   t h e s e   m a c h i n e s  

mus t   be  c o n s t a n t l y   a s s i s t e d   by  q u a l i f i e d   p e r s o n n e l   a n d  

b e c a u s e   t h e y   do  n o t   a l l o w   t h e   o p t i m i z e d   p r o f i l e s   d i s t r i b u -  

t i o n   so  as  t o   c o m p l e t e l y   u t i l i z e   t h e   w o r k i n g   a r e a .  

T h e  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  h e a d   w h i c h   a l l o w s   t h e  u s e  

o f  a  p l o t t i n g   m a c h i n e   a l s o   to   c u t   m e m o r i z e d  f i g u r e s   f r o m   a  

s h e e t   o f  p l a s t i c   or  a n y  o t h e r   s u i t a b l e   m a t e r i a l ,  i n   r e a l   o r  r e d u c  

ed  s i z e ,   t a k i n g   a d v a n t a g e   of  a l l   t h e   m a i n   f e a t u r e s   of  a  p l o t t i n g  

m a c h i n e   s u c h   a s :  c o m p l e t e   a u t o m a t i o n   of  t h e   p r o c e s s   and  m a x i m u m  

u s e   of  t h e   w o r k i n g   a r e a  w h i l e   s a v i n g   in   e q u i p m e n t   b e c a u s e   of  t h e  

u s e   of  t h e   same  m a c h i n e   f o r   p l o t t i n g   and  c u t t i n g .  

T h i s   h e a d   i s   c h a r a c t e r i z e d   by  h a v i n g :  

-  a  w r i t i n g   pen  and  a  c u t t i n g   m e t a l l i c   p i o n t ,   s u i t a b l y  

s p a c e d   one  f r o m   t h e   o t h e r ,   w i t h   t h e i r   a x i s   p a r a l l e l   a n d  



p e r p e n d i c u l a r   to   t h e   w o r k i n g   p l a n e ;  

-  r e l a t e d   d e v i c e s   to  b l o c k  a n d   c a l i b r a t e   t h e   r e s t   p o s i -  

t i o n   of  t h e   w r i t i n g   pen  or   t h e  c u t t i n g   p o i n t   w i t h  

r e s p e c t   to   t h e   w o r k i n g   p l a n e ;  

-  command  d e v i c e s   to   s e l e c t i v e l y   p r e s s   e i t h e r   t h e   w r i t i n g  

pen  or   t h e   c u t t i n g   p o i n t   t o w a r d   t h e   w o r k i n g   p l a n e ,   a c -  

c o r d i n g   to  w h e t h e r   a  p l o t   of  m e m o r i z e d   f i g u r e s   has   t o  

be  p e r f o r m e d   on  p a p e r   or  a  c u t   of  m e m o r i z e d   f i g u r e s   h a s  

to   be  p e r f o r m e d   f r o m   a  s e m i r i g i d   s h e e t   of  s u i t a b l e   m a -  

t e r i a l ;  

-  a d d i t i o n a l   d e v i c e s   to  o b t a i n   t h e   s h e e t   a d v a n c e m e n t   o n  

t h e   w o r k i n g   p l a n e ,   to   c o m p l e t e   t h e   c u t   of   f i g u r e s   o c -  

c u p y i n g   t h e   w o r k i n g   a r e a .  

In  t h i s   way  i t   i s   p o s s i b l e   to   r e p r o d u c e   s e m i r i g i d  p r o -  

f i l e s   i n   r e a l   s i z e ,   w h i c h   a r e   of  i m m e d i a t e   a p p l i c a t i o n ,  

a t   a  p a l t r y   c o s t ,   and  w i t h   a  p r o d u c t i o n   s p e e d   t h a t   o n l y  

can   be  g i v e n   by  a  c o m p u t e r   c o n t r o l l e d   m a c h i n e .  

The  p r e s e n t   i n v e n t i o n   i s   i l l u s t r a t e d   in   t h e  e n c l o s e d   d r a w  

i n g s ,   in   w h i c h :  

f i g u r e   1  i s   a  f r o n t   v i e w   of  t h e   h e a d ;  

f i g u r e   2  i s   a  p l a n   v i e w   of  t h e   h e a d ;  

f i g u r e   3  i s   a  l a t e r a l   v i e w   t a k e n   f r o m   t h e   l e f t   s i d e  

of  f i g u r e   1 ;  

f i g u r e   4  i s   a  l a t e r a l   v i e w   t a k e n   f r o m   t h e   r i g h t   s i d e  

of  f i g u r e   1 ;  

f i g u r e   5  i s   a  s e c t i o n a l   a x i a l   v i ew   s h o w i n g   t h e   s u p -  

p o r t i n g   and  g u i d i n g   d e v i c e s   of  t h e   c u t t i n g   p o i n t ;  



f i g u r e   6  i s   a  s e c t i o n a l   v i e w   s h o w i n g   t h e   s u p p o r t i n g  

and  g u i d i n g   d e v i c e s   of   t h e   w r i t i n g   p e n ;  

f i g u r e   7  i s   a  f r o n t   v i e w   of   one  of  t h e   d e v i c e s   f o r  g r i p  

ping  and  a d v a n c i n g   t h e   s h e e t   f o r   t h e   p r o f i l e s   to   b e  c u t ;  

f i g u r e   8  i s   a  s e c t i o n a l   v i e w   t a k e n   on  l i n e   A-A  of  f i -  

g u r e   7 ;  

f i g u r e   9 - i s   a  p l a n   v i e w   w i t h   a  s e c t i o n   t a k e n   on  l i n e  

B-B  of   f i g u r e   8 .  

F i g u r e s   1  and  2   show  t h e   c o m p l e t e   h e a d :   t h i s   h e a d   i n c l u d e s  a  

s u p p o r t i n g   p l a t e   1  i n t e n d e d   to   be  a s s e m b l e d   on  a  c a r r i a g e ,  

n o t   shown ,   s l i d i n g   a l o n g   a  m o b i l e   c r o s s - b a r   as  i n   a l l   o t h e r  

w e l l - k n o w n   p l o t t i n g   m a c h i n e s .   The  m o v e m e n t s   of   t h e   c r o s s -  

b a r  a l o n g   t h e   w o r k i n g   p l a n e   of   t h e   m a c h i n e   and  of   t h e   c a r -  

r i a g e   a l o n g   t h e   c r o s s - b a r   a r e   c o n t r o l l e d   by  a  c o m p u t e r   a s  

d e s i r e d .   The  p l a t e   c a r r i e s   a  d e v i c e   3  w h i c h   s u p p o r t s ,   c a l i -  

b r a t e s ,   and  g u i d e s   a  w r i t i n g   pen  4  and  a  d e v i c e   5  w h i c h   s u p  

p o r t s ,   c a l i b r a t e s   and  g u i d e s   a  c u t t i n g   p o i n t   6 .  T h e s e   d e v i -  

c e s   3  and  5  a r e   shown ,   as  w e l l   as  i n   f i g . 1 ,   a l s o   i n   f i g .   6  

and  5  r e s p e c t i v e l y .  

As  shown  in   f i g u r e s   1  and  6,  t h e   d e v i c e   1  i s   made  of   a  r e -  

i n f o r c e m e n t   7  f i x e d   to   t h e   s u p p o r t i n g   p l a t e   1  by  means   o f  

t h e   s h e d s   8  and  9  a n d  t h e   p i n s   10  and  11  r e s p e c t i v e l y .   T h e  

r e i n f o r c e m e n t  7   a c t s  a s  a   g u i d e   to  a  v e r t i c a l   s l e e v e   1 2  

c r o s s i n g   t h e   r e i n f o r c e m e n t   i t s e l f   and  e l e v a t i n g   a b o v e   i t  

so  as  to   be  b a c k e d   up  by  a  r e t u r n   s p r i n g   13  s u r r o u n d i n g  

t h e   s l e e v e   12  and  a r r a n g e d   b e t w e e n   t h e   r e i n f o r c e m e n t   7 

and  en  end  c o l l a r   14  of   t h e   s l e e v e   i t s e l f .   The  p a r t   o f  

t h e   s l e e v e   c r o s s i n g   t h e   r e i n f o r c e m e n t   7  i s   p r o v i d e d   w i t h  



a  b u s h   12'  made  of  a  more  v a l u a b l e   m a t e r i a l   f i n i s h e d   m o r e  

p r e c i s e l y   to  e l i m i n a t e   p o s s i b l e   g a p s .  

The  w r i t i n g   pen  4  i s   of  a  p r e s s u r i z e d   b a l l   t y p e   and  i s  

p l a c e d   at  t h e   end  of  a  r e s e r v o i r   15  s h a p e d   as  a  s t em   i n -  

f e r i o r l y   p r o l o n g e d   by  a  t h i n n e r   p a r t   1 6 .  

The  i n t e r n a l   h o l e   of   t h e   s l e e v e   12  has   s u p e r i o r l y   a  l a r g -  

er   d i a m e t e r   and  i t   i s   t h r e a d e d   f o r   a  c e r t a i n   p a r t ,   w h i l e  

i n f e r i o r l y   p r e s e n t s  a   n a r r o w i n g   17  f o l l o w e d   by  a  l a s t   e n -  

l a r g e d   p a r t   18  in   w h i c h   a  b u s h   19  of  u n w e a r a b l e   m a t e r i a l  

i s   f i t t e d .   The  b u s h   19  i s   p r o v i d e d   w i t h   a  h o l e   20  c o a x i a l  

w i t h   t h e   n a r r o w i n g   17  so  t h a t   i t   i s   p o s s i b l e   to   h o u s e   a n d  

h o l d   in   i t   t h e   t h i n n e r   p a r t   16  w i t h o u t   g a p s   and  w i t h   t h e  

p o i n t   4  p r o t r u d i n g   b e l o w   t h e   b u s h   1 9 .  

Above  and  c o a x i a l   w i t h   t h e   s l e e v e   12  i s   s p a c e d   a  c y l i n -  

d r i c a l   e l e m e n t   21,  i n t e r n a l l y   h o l l o w ,   s c r e w e d   to  t h e  

s l e e v e   by  means   of  t h e   t h r e a d e d   end  22.   In  c o r r e s p o n d e n c e  

to  t h i s   end  22,  t h e   i n t e r n a l   c a v i t y   g e t s   n a r r o w e r   to  f i t  

a r o u n d   t h e   r e s e r v o i r   or  s t e m   15  so  as  to  a l i g n   i t   on  s a m e  

a x i s   w i t h   r e s p e c t   to  t h e   s l e e v e   1 2 .  

S u p e r i o r l y   t h e   c y l i n d r i c a l   e l e m e n t   21  i s   c l o s e d   by  a  c a l i -  

b r a t i o n   s c r e w   24  w h i c h   p e n e t r a t e s   in  i t   and  can   be  r e g u l a t  

ed  by  means   of  a  s h a g r e e n e d   head   25.   In  t h i s   way  i t   a x i a l -  

ly   p r e s s e s   as  n e c e s s a r y   a  h e l i c o i d a l   s p r i n g   26,  i n t e r n a l  

to   t h e   c y l i n d r i c a l   e l e m e n t   21  and  a c t i n g   on  a  f l o a t i n g  

p i s t o n   27  w h i c h   l e a n s   on  t h e   s u p e r i o r   end  of  t h e   r e s e r v o i r  

1 5 .  



In   t h e   f i r s t   p l a c e   t h i s   a r r a n g e m e n t   a l l o w s   t h e   r e s e r v o i r  

15  t o   s l i d e   u n t i l   i t   l e a n s   to   t h e   s h o u l d e r   28  o f f e r e d   b y  

t h e   o p e n i n g   of   t h e   n a r r o w i n g   17.   T h i s   d e t e r m i n e s   t h e   p r o -  

t r u d i n g   l e n g t h   of   t h e   w r i t i n g   pen  4  so  t h a t   t h e   l a t t e r ,  

a t   r e s t ,   i s   p o s i t i o n e d   a t   a  v e r y   s h o r t   d i s t a n c e   f r o m   t h e  

w o r k i n g   p l a n e .   S e c o n d l y ,   an  e l a s t i c   a x i a l   t h r u s t   i s   t r a n s  

m i t t e d   to   t h e   w r i t i n g   pen  w h i c h   a l l o w s   i t   to   e x e r t   a  p r e -  

d e t e r m i n e d  p r e s s u r e   on  t h e   w o r k i n g   p l a n e   w h i c h   g u a r a n t e e s  

t h e   t r a c i n g   of   s o l i d   and  u n i f o r m   l i n e s   of  t h e   p r o t   to   b e  

p e r f o r m e d   when  t h e   pen  i s   l o w e r e d   in   w o r k i n g   p o s i t i o n .  

The  c a l i b r a t i o n   of   t h e   s c r e w   2 4  i s   s t a b i l i z e d   by  a  s h a g r e e n  

ed  r i n g   n u t   29  w h i c h   s p i n s   a r o u n d   t h e   s c r e w   24  and  i s  

b l o c k e d   a g a i n s t   t h e   u p p e r   b o r d e r   of   t h e   h o l l o w   c y l i n d r i c a l  

e l e m e n t   2 1 .  

From  t h e   p r e v i o u s   d e s c r i p t i o n   i t   i s   e v i d e n t   t h a t   t h e   l o v e r  

i n g   of   t h e   w r i t i n g   pen   4  i s   o b t a i n e d   by  l o w e r i n g   t h e  

s l e e v e   12  w i t h   r e s p e c t   to   t h e   r e i n f o r c e m e n t   7  i n   c o n t r a s t  

w i t h   t h e   r e t u r n   s p r i n g   1 3 .  

The  w h o l e   c a l i b r a t i o n   and  s u p p o r t   s e t   5  of   t h e   c u t t i n g  

p o i n t   6  i s   b e t t e r   shown  in   f i g u r e s   1  and  5.  In  t h i s   c a s e  

a l s o   a  s l e e v e   30,  s i m i l a r   to   t h e   s l e e v e   12  of   f i g .   6,  a x i a l  

l y   s l i d e s   w i t h   r e s p e c t   to   a  f i x e d   r e i n f o r c e m e n t   3 0 ' ,   s i m i -  

l a r   to   t h e   r e i n f o r c e m e n t  7   of  f i g .   6,  and  a l s o   f i x e d   t o  

t h e   s u p p o r t i n g   p l a t e   1  by  i d e n t i c a l   m e a n s .  

The  s l i d i n g   of  t h e   s l e e v e   30  t a k e s   p l a c e   in   c o n t r a s t   to   a  

r e t u r n   s p r i n g   31  p l a c e d   b e t w e e n   t h e   r e i n f o r c e m e n t   30'   a n d  



a  c o l l a r   32  p o s i t i o n e d   at   t h e   s u p e r i o r   end  of   t h e   s l e e v e  

i t s e l f .  

The  c u t t i n g   p o i n t   6  i s   o b t a i n e d   a t   t h e   end  of   a  c y l i n i r i c a l  

s t e e l   s t e m   33  w h i c h   i s   p l a c e d   i n s i d e   t h e   s l e e v e   30  and  i s  

c o a x i a l   w i t h   i t .   The  s t e m   33  i s   k e p t   i n   a x i s i n f e r i o r l y ,  

by  a  r i n g   n u t   34  of  s u i t a b l e   m a t e r i a l ,   w h i c h   i s   s c r e w e d  

i n s i d e   t h e   s l e e v e   3 0 . T h i s   r i n g   34  i s   i n c o r p o r a t e d ,   b y  m e a n s  

of  two  s h o r t   l e g s   35  and  36  to  a  f o o t   37  p o s i t i o n e d   i n  

s u c h   a  way  as  to  l a p   t h e   w o r k i n g   p l a n e   2  and  to   k e e p ,   a t  

r e s t ,   t h e   c u t t i n g   p o i n t   6  at   a  v e r y   s h o r t   d i s t a n c e   f r o m  

t h e   p l a n e   i t s e l f .  

S u p e r i o r l y   t h e   s t e m   33  i s   f i x e d   to   a  c o a x i a l   c a l i b r a t i o n  

s c r e w   38  w h i c h   p e n e t r a t e s  i n s i d e   t h e   s l e e v e   30.   T h e  

r e g i s t r a t i o n   of  t h e   s c r e w   38  a l l o w s   to   p o s i t i o n   t h e   c u t -  

t i n g   p o i n t   6  w i t h   r e s p e c t   to  t h e   w o r k i n g   p l a n e   and  to   s u p -  

p l y   t h e   s t e m   33  w i t h   a  r i g i d   s h o u l d e r   w h i c h   makes   e a s i e r  

t h e   o p e r a t i o n   of  t h e   c u t t i n g   p o i n t   6  when  i t   i s   moved  t o  

i t s   w o r k i n g   p o s i t i o n .   In   t h i s   p o s i t i o n ,   t h e   c u t t i n g   p o i n t  

o p e r a t i o n   c o n s i s t s   in   p e n e t r a t i n g   w i t h i n   t h e   t h i c k n e s s   o f  

t h e   s h e e t   to  be  c u t ,   f o r   e x a m p l e   a  p l a s t i c   s h e e t   h a v i n g   a  

s u i t a b l e   r i g i d i t y ,   to  p r o d u c e   in   i t   d e e p   t r a c k s   d e l i m i t i n g  

t h e   m e m o r i z e d   p r o f i l e s   to  be  c u t ,   so  t h a t   t he   l a t t e r   a r e  

e a s i l y   s e p a r a t e d   o n c e   t h e y   a r e   r e m o v e d   f r o m   t h e   w o r k i n g  

p l a n e .   Due  to  t h e s e   t r a c k s   w h i c h   a l l o w   a  c o n n e c t i o n   to  t h e  

main   s h e e t ,   t h e   s e p a r a t i o n   of  t h e   p r o f i l e s   can  be  p e r f o r m  

ed  even   l a t e r   or  in   a n o t h e r   p l a c e ,   b e c a u s e   t h e   s h e e t   t h u s  

t r a c e d   can  be  r e w i n d e d   in   r o l l s ,   s t o c k e d   or  t r a n s p o r t e d .  

The  c a l i b r a t i o n   p o s i t i o n   of  t h e   s c r e w ,   moved  b y  i t s  



s h a g r e e n e d   h e a d   3 9 , ' i s   s t a b i l i z e d   by  t h e   b l o c k i n g   r i n g  

n u t   40  w h i c h   comes   to   g r i p   a g a i n s t   t h e   s u p e r i o r   b o r d e r   o f  

t h e   s l e e v e   3 0 .  

The  d e v i c e s   u s e d   to   s e l e c t i v e l y   b r i n g   in   w o r k i n g   p o s i t i o n  

t h e  w r i t i n g   pen  and  t h e   c u t t i n g   p o i n t   a r e   shown  in   f i g u r e s  

1  to   4 .  

An  e l e c t r o m a g n e t   41  f i x e d   to   t h e   s u p p o r t i n g   p l a t e   1  b y  

means   of   a  s q u a r e   b a r   42  c o o p e r a t e s   w i t h   t h e   s e t   3.  T h e  

m o b i l e   m a g n e t i c   c o r e   of   t h e   e l e c t r o m a g n e t   4 1 ,  p r o t r u d i n g  

u p w a r d   i n   43 ,   c o n s t i t u t e s ,   at   r e s t ,  a   s t o p  t o   one   end  44  o f  

a  r o c k i n g   l e v e r   45 ,   w h o s e   f u l c r u m   i s   a  p i n   46 ,   and  w h o s e  

o t h e r   end  47  i s   f o r g e d   as  a  f o r k .   The  j a w s   of  t h i s   f o r k  

l a y   on  t h e   b a c k   of  t h e   c o l l a r   14,  i n   p o s i t i o n s   d i a m e t r i c a l  

l y   o p p o s e d   w i t h   r e s p e c t   to  t h e   a x i s   of   t h e   w h o l e   s e t .   T h e  

e l e c t r o m a g n e t   41  i s   e l e c t r i c a l l y   s u p p l i e d   by  a  c a b l e   4 8  

f i x e d   to   t h e   s u p p o r t i n g   p l a t e   1  by  means   of   a  c l a m p   4 9 .  

In  a  s i m i l a r   way,   a  r e l e v a n t   e l e c t r o m a g n e t   50  f i x e d   to   t h e  

s u p p o r t i n g   p l a t e   1  by  means   of  s q u a r e   b a r   51,  c o o p e r a t e s  

w i t h   t h e   w h o l e   s e t   5.  The  m o b i l e   m a g n e t i c   c o r e   52  of   t h e  

e l e c t r o m a g n e t   50  p r o t r u d e s ,   a t   r e s t ,   a b o v e   t h e   s q u a r e   b a r  

51  and  c o n s t i t u t e s   a  s t o p   to  one  end   5 3  o f   a  r e l e v a n t   r o c k  

i n g   l e v e r   54  w h o s e   o t h e r   e n d  5 5   i s   f o r g e d   as  a  f o r k   a n d  

w h o s e   j a w s   p r e s s   a g a i n s t   t h e   c o l l a r s   32  of   t h e   s l e e v e   3 0 .  

The  e l e c t r o m a g n e t   50  i s   e l e c t r i c a l l y   s u p p l i e d   by  a  c a b l e  

56  f i x e d   to   t h e   s u p p o r t i n g   p l a t e   1  by  means   of  a  c l a m p   5 7 .  

On  t h e   f r a m e   86  of  t h e   e l e c t r o m a g n e t   41  i s   f i x e d   a  f l a t  



s p r i n g   87,  f o l d e d   b e l o w   t h e   e l e c t r o m a g n e t   i t s e l f :   t h e   f i x -  

i n g   i s   o b t a i n e d   by  means   of  t h e   s c r e w s   88  w h i c h   t h r e a d  i n t o  

t h e   f r a m e   86  and  p a s s   t h r o u g h   t h e   p r o l o n g e d   h o l e s   89  o f  t h e  

s p r i n g   i t s e l f .   T h i s   a r r a n g e m e n t   a l l o w s   to  c a l i b r a t e   t h e  

p o s i t i o n   of  t h e   f l a t   s p r i n g s   87  so  t h a t   i t   s u p p o r t s   t h e  

c o r e   43 ,   when  t h e   e l e c t r o m a g n e t   i s   d e - e n e r g i z e d ,   in   a n  a x i a l  

p o s i t i o n   in   w h i c h   i t   w i l l   be  s u b j e c t e d   to   t h e   maximum  a t -  

t r a c t i v e   f o r c e   a t   t h e   moment  of   a c t i v a t i o n :   t h u s   t h e   c o r e  

w i l l   o v e r c o m e   t h e   o p p o s i t i o n   of  t h e   s p r i n g   14  and  w i l l  

e n s u r e   to  t h e   s l e e v e   12  an  e x c u r s i o n   of  m o v e m e n t   s u c h   a s  

to   g u a r a n t e e   t h e   c o n t a c t   of   t h e   w r i t i n g   pen  4  to   t h e   w o r k -  

i n g   p l a n e   e v e n   in   c a s e   of   r o u g h n e s s   of  t h e   w o r k i n g   p l a n e  

i t s e l f   or   in   c a s e   of   v a r i a t i o n   in   d i s t a n c e   b e t w e e n   t h e   r e -  

i n f o r c e m e n t   7  and  t h e   w o r k i n g   p l a n e .  

A  f u r t h e r   f u n c t i o n   of   t h e   s p r i n g   87  i s   t h a t   of   s u p p o r t i n g  

t h e   e l e c t r o m a g n e t   c o r e ,   at   r e s t ,   in   s u c h   a  way  t h a t   t h e  

l a t t e r   can   s u p p o r t   t h e   end  44  of  t h e   l e v e r   45  to   c o u n t e r -  

b a l a n c e   t h e   a t t r a c t i o n   of   t h e   s p r i n g   1 3 .  

C o r r e s p o n d e n t l y   t h e   e l e c t r o m a g n e t   30 '   s u p p o r t s   a  s i m i l a r  

s p r i n g   90,  a l s o   a d j u s t a b l e ,   and  so  a r r a n g e d   as  to  c o n s t i t u t e  

b o t h   a  p o s i t i o n i n g   and  s u p p o r t i n g   e l e m e n t   to  t h e   c o r e   5 2 ,  

p e r f o r m i n g ,   t h r o u g h   t h e   l e v e r   59,  t h e   same  f u n c t i o n s   i n d i -  

c a t e d   f o r   t h e   s p r i n g   8 7 .  

The  e l e c t r o m a g n e t s   41  and  50  a r e   s e l e c t i v e l y   and  a l t e r -  

n a t i v e l y   e x c i t a b l e ,   a c c o r d i n g   to  w h e t h e r   t h e   w r i t i n g   p e n  

4  or  t h e   c u t t i n g   p o i n t   6  a r e   to  be  moved  i n t o   w o r k i n g   p o s i  

t i o n .   The  s e l e c t i o n   can   be  m a n u a l l y   p e r f o r m e d   f o r   e x e m p l e  



by  means   of   t h e   r e l e v a n t   c i r c u i t   b r e a k e r   w h i c h   i n t e r r u p t s  

t h e   s u p p l y i n g   c a b l e s   48  and  56,  or   by  means   of   a  s w i t c h .  

The  s e l e c t i o n   can   a l s o   be  p e r f o r m e d   a u t o m a t i c a l l y   f o r  

e x a m p l e   by  means   of   a  c o m p u t e r ,   at   t h e   moment  i n   w h i c h   t h e  

e x e c u t i o n   of  a  p l o t   or   of   a  p r o f i l e   c u t   i s   p r o g r a m m e d .  

W h a t e v e r   t h e   s o l u t i o n   c h o s e ,   t h e   e x c i t a t i o n   of   t h e   s e l e c t -  

ed  e l e c t r o m a g n e t   (41  or   50)  c a u s e s   t h e   l i f t i n g   of   t h e   r e l e  

v a n t   m o b i l e   c o r e   (43  or   5 2 ) ,   so  t h a t   t h e   f o r k   (47  or   5 5 )  

of   t h e   r o c k i n g   l e v e r   p r e s s e s   on  t h e   c o l l a r   (14  or   3 2 )  p r o d u  

p r o d u c i n g   t h e   l o w e r i n g   of  t h e   r e l a t i v e   s l e e v e   (12  or   3 0 )  

and  w i t h   t h i s   a c t i o n   a l s o   t h e   l o w e r i n g   of  t h e   r e s p e c t i v e  

p o i n t   (4  or   6)  on  t h e   w o r k i n g   p l a n e .  

F i g u r e s   7  to   9  show  one   o f  t h e   d e v i c e s   to   g r i p   t h e   s h e e t  

to   be  c u t   f o r   i t s   i n t e r m i t t e n t   a d v a n c e m e n t :   t h i s   d e v i c e  

can   o p e r a t e   i n   c o m b i n a t i o n   w i t h   t h e   h e a d   d e s c r i b e d   in   t h e  

p r o c e d i n g   f i g u r e s ,   when  t h e   l a t t e r   i s   p r e a r r a n g e d   f o r  

p r o f i l e   c u t t i n g .  

The  m e c h a n i s m   i s   made  of  two  s  y m m e t r i c a l   d e v i c e s ,   a r r a n g e d   a t  

t h e   two  e n d s   of  a  d r a g g i n g   c r o s s b a r   and  of  w h i c h   t h e r e f o r e   o n l y  

one  d e v i c e   w i l l   be  d e s c r i b e d .   T h i s   d e v i c e   i s   made  of  a  s t r o n g  

f r a m e   w i t h   a  s t i r r u p   s h a p e ,   h a v i n g   an  end  w a l l   56  and  t w o  

s t r a i g h t   s i d e   w a l l s   57  and  5 8 - w h i c h   e x t e n d   h o r i z o n t a l l y   so  a s  

to  d e t e r m i n e   a  c a v i t y   o p e n e d   t o w a r d   t h e   b o t t o m .   The  end  w a l l   56  

of   t h i s   f r a m e   i s   p r o v i d e d   w i t h   a  d o v e t a i l  g u i d e   59  w i t h   a  v e r t i c a l  

a x i s , a b l e   to  ma te   w i t h   a  c o r r e s p o n d i n g   s l i d e   60  p r e s e n t e d   by  a  

p l a t e  6 1  :   t h i s   p l a t e  i s   f i x e d   b y  t h e   p i n s   62  a n d  6 3  o n  t h e  

v e r t i c a l   s i d e   of  t h e   d r a g g i n g   c ro   ar  64,  d i s p o s e d   t r a n s v e r s a l  



ly   to  t h e   m a c h i n e   w o r k i n g   p l a n e   2 .  

L a t e r a l l y   to  t h e   s i d e w a l l   58  of  t h e   f r a m e   56  a  p l a t e   6 5  

i s   f i x e d ,   f o r   e x a m p l e   by  means   of  t h e   p i n s   66  and  6 7 ,  

w h i c h   e x t e n d s   t o w a r d   t h e   b o t t o m   w i t h   a  h o r i z o n t a l   s l i d i n g  

b l o c k   68  w h i c h   i n t e r p o s e s   i t s e l f   b e t w e e n   t h e   w o r k i n g   p l a n e  

2  and  t h e   l a t e r a l   b o r d e r   of  t h e   s h e e t   6 9 .  

S u p e r i o r l y   t h e   s t i r r u p - s h a p e d   f r a m e   i s   c o v e r e d   by  a  s t r o n g  

h o r i z o n t a l   p l a t e   70  w h i c h   p r o t r u d e s   b a c k w a r d   s t r e t c h i n g  

a b o v e   t h e   s u p p o r t i n g   p l a t e   61 .   The  p l a t e   70  i s   f i x e d   t o  

t h e   f r a m e   by  means   o f   t h e   v e r t i c a l   p i n s   71  and  i n   t h e  

b a c k   i s   p r o v i d e d   w i t h   a  v e r t i c a l   g r a i n   72  p r o t r u d i n g   b e l o w  

t h e   p l a t e   70  so  t h a t   i t s   end  l e a n s   on  t h e   s u p p o r t i n g   p l a t e  

61:  i n   t h i s   way  t h e   c a l i b r a t i o n   of  t h e   g r a i n   72  a l l o w s  

t h e   r e g u l a t i o n   of  t h e   f r a m e   p o s i t i o n   a l o n g   t h e   d o v e t a i l  

g u i d e   and  t h u s   t h e   r e g u l a t i o n   of  t h e   p o s i t i o n   o f  t h e   s l i d -  

i n g   b l o c k   68  w i t h   r e s p e c t   to  t h e   w o r k i n g   p l a n e   2 .  

A  c r o s s b a r   73  i s   f i x e d   by  means   of  s c r e w s   74  on  t h e   f r o n t  

b o r d e r   of  t h e   p l a t e   70:  t h e   f o r m e r   g r i p s ,   b e t w e e n   i t s e l f  

and  t h e   b o r d e r   of  t h e   p l a t e   70,  an  e l a s t i c   f o i l   75  w h i c h  

i s   c u t   b e l o w   t h e   p l a t e   70  to   f o r m   p a r a l l e l   e l a s t i c   t o n g u e s  

76.   T h e s e   t o n g u e s   76  can  be  as  many  as  d e s i r e d ,   a l t h o u g h  

in   f i g u r e  7   o n l y   t h r e e   of  them  a r e   shown .   In  any  c a s e   t h e y  

a r e   a r r a n g e d   in   t h e   c a v i t y   d e l i m i t e d   b e t w e e n   t h e   end  w a l l  

56  and  t h e   s i d e   w a l l s   57  and  58  of  t h e   s t i r r u p - s h a p e d  

f r a m e .  



ed  v e r t i c a l l y   i s   p o s i t i o n e d :   a l l   t h e   b l o c k s   a r e   a r t i c u l a t -  

ed  on  a  common  h o r i z o n t a l   b a r   78  s u s t a i n e d   b e t w e e n   t h e   t w o  

s i d e w a l l s   57  and  58.  B e h i n d   t h e   b l o c k s   77  a  s h a f t   79  h a v -  

i n g   a  s e m i - c i r c u l a r   s e c t i o n   i s   a r r a n g e d ,   w h o s e   d i a m e t r i c a l  

p l a n e   s i d e   a c t s   as  a  s u p p o r t   to   t h e   b l o c k s :   i t s   p o s i t i o n  

i s   so  a r r a n g e d   as  to   m a i n t a i n   t h e s e   b l o c k s   in   a  p o s i t i o n  

s l i g h t l y   i n c l i n e d   w i t h   r e s p e c t   to   a  v e r t i c a l   l i n e   and  i n  

s u c h   in   a  way  t h a t   t h e   r e l e v a n t   e l a s t i c   t o n g u e s   56  p r e s s  

t h e   b l o c k s   a g a i n s t   t h i s   f a c e .  

From  t h e   l o w e r   e n d s   of  t h e   b l o c k s   77  r e l e v a n t   s h a r p   p o i n t s  

80  p r o t r u d e :   t h e   p r o t r u s i o n   i s   s u c h   t h a t ,   in   t h e   p o s i t i o n  

a l l o w e d   by  t h e   s h a f t   79  and   u n d e r   t h e   p r e s s u r e   of   t h e  

e l a s t i c   t o n g u e s   76,  t h e s e   p o i n t s   p e n e t r a t e   i n t o   t h e   s h e e t  

69,   e v e n t u a l l y   e n t e r i n g   t h e   r e s p e c t i v e   s l o t s   81  p r o v i d e d  

in   t h e   s l i d i n g   b l o c k   6 8 .  

The  s h a f t   79  p r o t r u d e s   f r o m   one  of   t h e   s i d e w a l l s   of   t h e  

f r a m e   56  in   o r d e r   to   p r e s e n t   a  cap  82  f i x e d   to   t h e   g r a i n  

83,  f r o m   w h i c h   a  w i n g   8 4  i s   a l s o   p r o t r u d i n g .   T h i s   w i n g ,   a t  

r e s t ,   l i e s   on  a  s t o p   85  h a v i n g   t h e   s h a p e   of  a  p i n   p r o t r u d -  

i n g   f r o m   t h e   a d j a c e n t   s i d e w a l l .   When  i t   i s   n e c e s s a r y   t o  

d r a w   t h e   p o i n t s   80  ou t   of  t h e   w o r k i n g   p l a n e ,   f o r   e x a m p l e  

to  h a n d l e   t h e   s h e e t   t o   be  c u t   or  to   h a n d - o p e r a t e   t h e   d r a g -  

g i n g   c r o s s b a r ,   t h e   w i n g   84  i s  r o t a t e d   t o w a r d   t h e   t o p   d r a g -  

g i n g   t h e   s h a f t   79  w h i c h ,   a c t i n g   as  cams ,   l i f t s   t h e   b l o c k s  

77  and  t h u s   t h e   p o i n t s  8 0 .   The  a n g u l a r   o r i e n t a t i o n   of  t h e  

s u p p o r t i n g   p l a n e ,   m o r e o v e r ,   g i v e s   to   t h e   b l o c k s   77  t h e  

i n c l i n e d   p o s i t i o n   s u f f i c i e n t   to  t h e   p o i n t s   t o  p e n e t r a t e  

i n t o   t h e   s h e e t   l y i n g   on  t h e   s l i d i n g   b l o c k   68,  and  a l s o   a  



s h o u l d e r   to  t h e   same  b l o c k s   to  l i m i t   t h e   p e n e t r a t i o n   o f  

t h e   p o i n t s   8 0 .  

E v i d e n t l y   t h e   d e v i c e   of  f i g u r e s   7,  8  and  9  i s   p r o v i d e d   a t  

e a c h   end  of  t h e   d r a g g i n g   c r o s s b a r .  

Wi th   t h i s   a r r a n g e m e n t ,   when  a  p r o f i l e   c u t t i n g   o p e r a t i o n  

i s   c o m p l e t e d   on  a  p i e c e   of  s h e e t   l y i n g   of  t h e   w o r k i n g  

p l a n e   w i t h   t h e   p r o c e d u r e   p r e v i o u s l y   d e s c r i b e d ,   t h e   c r o s s -  

b a r   64  i s   moved  a b o v e   t h e   c o m p l e t e d   p i e c e   t o w a r d   t h e   u n -  

w i n d i n g   r o l l ,   t h a t   i s   to  t h e   r i g h t   i n   t h e   e x a m p l e   of   f i g .  

8.  The  i n c l i n a t i o n   in   t h e   o p p o s i t e   d i r e c t i o n   of  t h e   p o i n t s  

80  a l l o w s  t h e   l a t t e r   to   r i s e   f r o m   t h e   s h e e t ,   w i n n i n g   t h e  

p r e s s u r e   of  t h e   t o n g u e s   66,   so  as  to   s l i d e   on  t h e   s h e e t .  

When  t h e   c r o s s b a r   64  h a s   c o v e r e d   t h e   e n t i r e   c o m p l e t e d  

p i e c e   of   t h e   s h e e t ,   i t s   m o v e m e n t   i s   i n v e r t e d .   The  p o i n t s  

80  a r e   f o r c e d   to  p e n e t r a t e   i m m e d i a t e l y   i n t o   t h e   s h e e t  

w h i c h   i s   g r i p p e d   and  d r a g g e d   a l o n g   t h e   w o r k i n g   p l a n e   2,  u n  

w i n d i n g   f r o m   t h e   r o l l .   In  t h i s   way  a  new  p i e c e   of   s h e e t   i s  

l a i d   on  t h e   w o r k i n g   p l a n e ,   w h i l e   t h e   p a r t   a l r e a d y   t r e a t e d  

i s   moved  away  f r o m   t h i s   p l a n e .   The  l a t t e r   can  be  r e w i n d e d  

on  a  r o l e   to  be  s t o c k e d   or   t r a n s p o r t e d ,   or   can  be  s u b j e c t -  

ed  to   i m m e d i a t e   s e p a r a t i o n   of  t h e   c u t   p r o f i l e s .  

Of  c o u r s e   t h e   d r a g g i n g   c r o s s b a r   64  w i l l   be  moved  by  i t s  

own  means   a c t i n g   in   s y n c h r o n i s m   w i t h   t h e   m a c h i n e   o p e r a t i o n  

w i t h   a  m a n u a l   command  or  w i t h   a  p r o g r a m   c o n t r o l l e d  b y  t h e  

c o m p u t e r .  



I t   i s   e v i d e n t   t h a t   t h e   i n v e n t i o n   can   be  e m b o d i e d   in   f o r m s  

d i f f e r e n t   f r o m   t h e   a b o v e - i l l u s t r a t e d   o n e ,   w i t h o u t   b e i n g  

f o r   t h i s   r e a s o n   s u b s t a n t i a l l y   d i f f e r e n t   f r o m   t h e   p r e s e n t  

m o d e l .  



1.  A  head   f o r   p l o t t i n g   m a c h i n e s ,   a b l e   to   s e l e c t i v e l y   p l o t  

and  c u t   f i g u r e s   m e m o r i z e d   by  a  c o m p u t e r ,   c h a r a c t e r i z e d :   b y  

h a v i n g   a  w r i t i n g   pen  and  a  m e t a l l i c   c u t t i n g   p o i n t   s u i t a b l y  

s p a c e d   one  f r o m   t h e   o t h e r   and  w i t h   t h e i r   a x i s   p a r a l l e l   a n d  

p e r p e n d i c u l a r   to  t h e   w o r k i n g   p l a n e ;   by  h a v i n g   r e l a t e d  

d e v i c e s   to  b l o c k   and  r e g i s t e r   t h e   r e s t   p o s i t i o n   of  t h e s e  

p o i n t s   w i t h   r e s p e c t   to  t h e   w o r k i n g   p l a n e ;   by  h a v i n g   c o m -  

mand  d e v i c e s   to   s e l e c t i v e l y   p r e s s   e i t h e r   p o i n t   t o w a r d   t h e  

w o r k i n g   p l a n e   a c c o r d i n g   to  w h e t h e r   a  p l o t   of  m e m o r i z e d  

f i g u r e s   has   to  be  p e r f o r m e d   on  p a p e r   or   a  c u t   of   m e m o r i z e d  

f i g u r e s   has   to   be  p e r f o r m e d   on  a  s h e e t  o f   s u i t a b l e   m a t e r i a l ;  

by  h a v i n g   a d d i t i o n a l   d e v i c e s   to  o b t a i n   t h e   s h e e t   a d v a n c e -  

ment   on  t h e   w o r k i n g   p l a n e   at  t h e   end  of   t h e   c u t   of  a  p i e c e  

p r e v i o u s l y   l y i n g   on  t h e   same  p l a n e .  

2.A  h e a d   as  in   c l a i m   1,  in   w h i c h   t h e   w r i t i n g   pen  and  t h e  

c u t t i n g   p o i n t   a r e   a r r a n g e d   at   t h e   i n f e r i o r   e n d s   of  t w o  

s t e m s ,   t h e   s t em   of  t h e   w r i t i n g   pen  a c t i n g   a l s o   as  i n k - p o t ;  

t h e s e   s t e m s   a r e   a r r a n g e d   and  c a l i b r a t e d   w i t h i n   t h e   r e l a t e d  

s l e e v e s   s l i d i n g   w i t h   r e s p e c t   to  t h e i r   s u p p o r t s   and  r e t u r n -  

ed  in   r e s t   p o s i t i o n   by  s u i t a b l e   s p r i n g s ;   command  d e v i c e s  

a r e   p r o v i d e d   w h i c h   a c t   a x i a l l y   on  t h e s e   s l e e v e s   so  as  t o  

p r e s s   s e l e c t i v e l y   e i t h e r   one  of  t h e   p o i n t s   t o w a r d   t h e   w o r k  

i n g   p l a n e .  

3.  A  head   as  in  c l a i m s   1  and  2,  in  w h i c h   t h e   s e l e c t i v e   corn 

mand  d e v i c e s   to  p r e s s   e a c h   p o i n t   t o w a r d   t h e   w o r k i n g   p l a n e ,  

c o n s i s t   of  r e l a t e d   e l e c t r o m a g n e t s   s e p a r a t e l y   e x c i t a b l e ,  



w h o s e   r e l a v a n t   c o r e ,   d u r i n g   t h e   e x c i t a t i o n   p e r i o d ,   a c t s  

a t   t h e   end   of  a  r o c k i n g   l e v e r ,   whose   o t h e r   end   e n g a g e s  

t h e   s l e e v e   b l o c k i n g   t h e   r e s p e c t i v e   p o i n t ;   t h e s e   e l e c t r o -  

m a g n e t s   a r e   r e m o t e l y   e x c i t a b l e   by  means   of  a  c i r c u i t  

b r e a k e r   or   a  s w i t c h   o r   t h r o u g h   t h e   c o m p u t e r   c o n t r o l l i n g  

t h e   p l o t t i n g   m a c h i n e .  

4 .   A  h e a d   as  i n   c l a i m   1,  c h a r a c t e r i z e d   by  t h e   f a c t   t h a t ,  

d u r i n g   t h e   c u t t i n g   p e r i o d   of   t h e   m e m o r i z e d   p r o f i l e s   on  t h e  

p l a s t i c h   s h e e t s ,   i t   i s   c o m b i n e d   w i t h   c a r r y i n g   d e v i c e s  

p l a c e s   a t   t h e   two  e n d s   of   t h e   c r o s s b a r   s l i d i n g   on  t h e   w o r k  

i n g   p l a n e ,   a b l e   to   g r i p   t h e   s h e e t   l a t e r a l   b o r d e r s   a t   t h e  

e n d  o f   e a c h   c u t t i n g   c y c l e   and  to   a d v a n c e   t h e   s h e e t   of  a  

l e n g h t   s u f f i c i e n t   to   c o v e r   t h e   e n t i r e   w o r k i n g   p l a n e   a r e a .  

5.  A  h e a d   as  in   c l a i m s   1  and  4,   i n  w h i c h   e a c h   m e n t i o n e d  

c a r r y i n g   d e v i c e   i s   p r o v i d e d   w i t h   p a r a l l e l   p o i n t s   c o n n e c t -  

ed  to   a  h o r i z o n t a l   b a r   and  k e p t   a g a i n s t   a  s u p p o r t i n g   p l a n e  

by  t h e   r e l e v a n t   e l a s t i c   t o n g u e s :   t h e s e   p o i n t s   a r e   i n c l i n e d  

w i t h   r e s p e c t   to   t h e   w o r k i n g   p l a n e   so  t h a t   t h e y   r i s e   f r o m  

t h e   s h e e t   s u r f a c e ,   o v e r c o m i n g   t h e   e l a s t i c   f o r c e   of  t h e  

t o n g u e s   when  t h e   d e v i c e   c o v e r s   t h e   s h e e t   i n   a  d i r e c t i o n  

o p p o s i t e   to  t h a t   of  a d v a n c e m e n t   and  t h e y   p e n e t r a t e   i n t o  

t h e   s h e e t   i n   o r d e r   to   d r a g   i t   when  t h e   d e v i c e   c o v e r s   t h e  

s h e e t   i n   t h e   d i r e c t i o n   of   a d v a n c e m e n t .  
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